We compared end-to-side neurorraphy with and without the perineural sheath. Method: Twenty rats were used. The peroneal nerve was sectioned and the distal end was sutured to the lateral face of the tibial nerve. We removed the perineural sheath only on the right side, but not on the left side. The proximal end of the peroneal nerve was curved back approximately at a 100° angle and implanted into the adductor muscle. Six months later, the 14 surviving animals were submitted to electrophysiological tests, sacrificed, and the nerves and muscles were taken for histological exams. Uniterms: End-to-side neurorrhaphy. Microsurgery. Rats.
eports on end-to-side neurorrhaphy are found in publications since the beginning of this century. The first report was by Ballance 1 (1895) on the treatment of facial palsy by suturing the distal end of the sectioned facial nerve laterally to the accessory spinal nerve. Other authors reported the use of this technique in several clinical cases, with some variations. 2 Kennedy (1899) 1 and Sherren postulated that an incision in the donor nerve was essential to promote an end-to-end like contact among the two nerves, leaving untouched only the epineurium on the side opposite to the neurorrhaphy. R Krivolutskaia et al. 3 recently reported end-to-side neurorrhaphies with scarification or incision in the donor nerve.
When working on our Doctorate dissertation, 4 we saw for the first time that end-to-side neurorrhaphy was effective without either incision in the donor nerve or removal of its epineurium and perineurium. This finding substantially changed the concepts on the epineurium and perineurium barrier, which opened new possibilities for peripheral nerve surgery. Furthermore, this new finding made the novel neurorrhaphy easier and safer to be used in several clinical cases. Recently, Lundborg 5 has reported results similar to ours.
Our objective was to compare, in the same animal, end-to-side neurorrhaphy without epineurium removal with end-to-side neurorrhaphy with epineurium and perineurium removal, in an attempt to establish whether it is necessary to remove them during the surgical procedure or not.
METHODS
Twenty male Wistar rats, weighing 153.93 ± 18.63g were used. Each animal had its peroneal nerve sectioned. The distal end was then sutured to the side of the tibial nerve. On the right side, a small window was made in the epineurium and perineurium. On the left side, the donor nerve were left intact (no window) (Fig. 1) . The proximal end of the peroneal nerve was curved back approximately at a 100-degree angle and implanted into the abductor muscle.
The animals were given standard rat chow and water ad libitum for about 6 months. At the end of this period, the 14 surviving animals were submitted to electrophysiological tests and sacrificed, having their nerves and muscles of interest removed.
Electrophysiological Study
The animals were anesthetized and the nerves involved were dissected under the surgical microscope. On both sides, the tibial nerve and the cutaneous caudal nerve of the sura were distally sectioned, approximately 1 cm below the neurorrhaphy (Fig. 2) .
A bipolar stimulating electrode was placed in the sciatic nerve trunk. Two needle electrodes were inserted into the tibial cranial muscles for the detection of electric impulses, which were observed on an oscilloscope screen a .
The electrical stimulus was supplied by an LHM-1102 neurostimulator b , with 1 ms duration, at 30 Hertz frequency and in repeated mode.
The stimulus intensity was progressively increased from 0 to 1 volt.
The muscle response was observed on the oscilloscope screen. Then, the distal end of the peroneal nerve was sectioned approximately 1.5 cm distal to the neurorrhaphy (Fig. 2) , and the electrical stimulation was repeated to observe the disappearance of the muscle response.
After these procedures, the animals were sacrificed with high dose intraperitoneal sodium pentobarbital (Nembutal ® ).
Histology
The following nerve segments were removed bilaterally: the proximal end of the peroneal nerve, the tibial nerve above the neurorrhaphy, the tibial nerve below the neurorrhaphy, the distal end of the peroneal nerve and the segment of the neurorrhaphy.
Nerve Fiber Counting
The nerves were fixed in 10% formalin, embedded in paraffin and sectioned. Most sections were carried out transversely, except those at the sites of the end-to-side neurorrhaphies and those at the proximal end of the peroneal nerve which were made longitudinally. The sections were stained using Regand's hematoxylin method. 6 The tibial cranial muscles were also bilaterally removed and then weighed. Cylinders of approximately 1 cm in length and 4 mm in diameter were cut from each muscle, in the middle third of their deepest portion, which were then frozen. Later, sections were made transversely to the largest axis of the fibers, and slides were stained using the hematoxylin-eosin method.
Muscle Histology
The histological pattern of the muscle fibers was assessed by a blinded collaborator. Histological specimens were given values from 0 to 100 as compared with the normal muscle fibers, taken as 100%. 
Area of the Muscle Fibers
The transversely-sectioned muscle fibers were photographed with a photomicroscope. The fibers in the photographs, with a final 230 X enlargement, had their areas determined by planimetry. All the fibers that could be entirely seen in the photograph were measured, and the results were expressed in m 2 (square meters). All the transversely sectioned nerves had their nerve fibers counted.
Statistical Analysis
Comparison between the means for the two sides, for each one of the variables, was made by the Student's t test for paired samples. 7 In the comparisons of TNARS (segment of the tibial nerve above the neurorraphy, right side) x TNALS (segment of the tibial nerve above the neurorraphy, left side) and TNBRS (segment of the tibial nerve below the neurorraphy, right side) x TNBLS (segment of the tibial nerve below the neurorraphy, left side), 2 and 3 observations, respectively, were not taken into account due to the absence of the corresponding observation pair.
Thus, the other comparisons were made taking into account 14 observations pairs, while in the two mentioned, 12 and 11 pairs were used.
All of the conclusions were described at 5 % level of significance.
RESULTS
Nerve Histology. Longitudinal sections at the neurorrhaphy site suggested that the epineurium and perineurium had disappeared and lateral sprouting had occurred (Fig.3) . Transversal sections of the peroneal nerve distal to the neurorraphy showed many regenerated nerve fibers. Muscle Weight. The average weight of the tibial cranial muscles was 0.47 g (0.18) on the right side and 0.45 g (0.15) on the left side (Fig. 5) .
Muscle Histology. The histological features of the tibial cranial muscles were 78.21 (20.75) on the right side and 82.14 (15.89) on the left side, the normal taken as 100%.
Muscle Cytometry. The average areas of the right tibial cranial muscles were 0.0162 m 2 (0.008), after 230 magnification, and 0.0152 m 2 (0.0064) for the left tibial cranial muscles (Tables 2 and 3 ). There were no significant differences between right and left muscles.
Electrophysiology. The muscles that showed positive response needed an average of 258.89 mV (92.31) of electric stimulus on the right side and 298.34 mV (139.32) on the left side (Fig. 4) .
Statistical Analysis. The statistical analysis (Student's t test) did not show any difference (p>0.05) between right and left sides for all variables.
DISCUSSION
In 1992 and 1994, when we first published our results on end-to-side neurorrhaphy with and without epineurium, 4,8-11 a major field of research was opened for the study of the peripheral nerve physiology. Lundborg 5 made a significant contribution to the understanding of end-to-side neurorrhaphy by reporting the growth of sensory and motor fibers in the receptor nerve. He also reported that the result in pre-degenerated fibers was better than that in fresh fibers.
Revising our first work 4 on neurorrhaphy with and without epineurium, we realized that we had similar results for the means of the areas of the tibial cranial muscle fibers, i.e., 1600.64 m 2 (533.18) for the window group and 1439.44 m 2 (934.5) for the no window group (p=0.6592). However, we did not realize the importance of this finding because we thought it was impossible for there to be no difference between end-to-side neurorrhaphy with and without epineurium and perineurium. Similarly, Lundborg 5 did not obtain differences in muscle contractility or supramaximal stimulation of the tibial muscle after 3-month reinervation with end-to-side neurorrhaphy for the no window group (1881mN) and window group (1818mN). His data supported this concept.
Upon studying end-to-side neurorrhaphy with and without window after a 6-month evaluation of several nerve parameters, we were highly surprised to find no significant difference between the two neurorrhaphies. It is important to emphasize that we did not observe differences in the electrophysiological tests, muscle weight, histological evaluation, areas of muscle fibers and counts nerve fiber. This finding is of utmost importance, as the nonremoval of the perineurium makes the end-to-side neurorrhaphy easier, faster and safer, in addition to diminishing risks of lesion in the donor nerve.
In the first clinical cases of cross-face nerve with end-to-side neurorrhaphy, we did not remove the epineurium for the fear of injuring the normal facial nerve.
The result obtained was similar to that of clinical cases with epineurium removal. 9 
CONCLUSION
The experimental model showed that both neurorrhaphies (with and without perineural window) did not reveal any difference concerning the morphological and electrophysiological features studied.
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